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SUMMARY 

Clastic-plastic analytic capabilities have been incorporated into the 
NASTRAN program. The present implementation includes a general rigid format 
and additional bulk data cards as well as two new modules. The modules are 
specialized to include only perfect plasticity of the CTRMEM and CROD elements 
but can easily be expanded to include other plasticity theories and 
elements. The practical problem of an elastic-plastic analysis of a ship's 
bracket connection is demonstrated and conpared to an equivalent analysis 
using Grumman's PLANS program. The present work demonstrates the feasibility 
of incorporating general elastic-plastic capabilities into NASTRAN. 

INTRODUCTION 

A feasibility study on incorporating state-of-the-art nonlinear 
capabilities into NASTRAN has been conducted and reported on in ref. 1. It 
was pointed out that each class of nonlinear behavior has a "best" solution 
strategy. For an elastic-plastic analysis, the "initial-strain" approach is 
the most efficient finite element analytic method. In this approach, an 
incremental pseudo-load vector is formulated assuming an initial strain equal 
to the sum of the estimated plastic strain for the current increment and an 
equilibrium correction term which corrects for the difference between the 
resulting plastic strain and assumed plastic strain of the previous 
incremental step. This method, characterized by the plastic behavior being 
incorporated into an incremental pseudo-load vector, leaves the stiffness 
matrix unaltered from step to step. Thus, the stiffness matrix need only be 
decomposed once. Consistent with the initial-strain approach, ref. 2 provides 
the pseudo-load vector formulation due to plastic behavior for a number of 
elements in the NASTRAN library. The general approach is to transfer the 
integral form of the pseudo -load vector into a numerical representation by 
utilizing various integration schemes. For many of the finite elements the 
choice of the number and type of integration points is left to the user. The 
choice of integration points for the integration of the pseudo-load vector 
determines the allowable variation of the plastic strain within each 
element. This allowable variation can be changed by choosing a different set 
of integration points. This may eliminate the costly process of changing the 
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finite element idealization if the plastic strain variation was more complex 
than originally modeled for. One may only have to change the choice of 
integration points. A more complete discussion of these methods is given in 
ref. 3. 

The initial-strain approach, as outlined above, has been incorporated 
into the NASTRAN program. This has been done by writing a new rigid format 
along with two new modules. Also included are three new bulk data cards. 
Although the methods are general, only perfertly-plastic behavior of a 
membrane and a rod element have been initially considered, Th’s first step is 
sufficient to examine the feasibility and efficiency of the implemenlod 
techniques within the NASTRAN framework. 

The practical problem of an elastic-plastic structural analysis of a 
ship's bracket connection has been carried out using the implemented NASTRAN 
program and the results have been compared to those oh‘.'ned from the PLANS 
finite element computer program (ref. 4). The results are in exact agreement 
and the cpu time and associated costs are approximately the same. 

ELASTIC -PLASTIC FORMULATION 

The initial-strain method is chosen to solve small displacement 
plasticity problems. The governino equation, d. ived from energy principles, 
is written in incremental form as follows: 

where 

[K] s elastic ffness matrix 

|au|. s incremental displacement of i^*’ step 

|ap|.= incremental external load of i^^ step 

I ^1 incremental pseudo load based on 
’ '• predicted inelastic strain of i*” step 

|r Si equil ibrium correction term representing any balancing 

force due to drift from equilibrium during the incremental 
application of the load 

The elastic stiffness matrix is found to be 

[Kl-/(B]T(E][BJdV (2) 


where [BJ is obtained from the strain-displacement relati'vn 


l^j - [B] |au 


(?) 
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and [E] is obtained from the stress-strain relation ORIGINAL PAGE IS 

OF POOR QUALITY 

|Ao|=[E)(jAe|- jAePl) 

with 

|ao|. = incremental stress 
|Ae|. = incremental total strain 
{a£**| . = incremental plastic strain 


Plasticity enters the analysis through the increment in plastic 

strain, Ac** . These as well as other path dependent quantities depend on 

the implemented plasticity theory. 

The f'redicted oseudo-load vector for the (i+1)^^ step is found to be 


AQ 


ilfi 


"i+1 


r/ w^iE) 


Ae*^ 


dV 


( 5 ) 


where *'+l and correspond to the (i+1)^^ and i^^ step sizes 
respectively. We can expect the successive 1 inearization procedure to drift 
from a true equilibrium position for the nonlinear response. This drifting is 
a combined result of truncation, the successive linearization procedure and 
the fact that information not yet availab’e is required for a true sc ution 
(in Eq '5) the predicted pseudo-load vector is based on the incremental 
plastic strains of the preceding step rather than on the current step). The 
simplest corrective procedure involves the introduction of an equilibrium 
correction term that may be added as a load vector in the incremental 
procedure. The equilibi’ium cor'’e:tion term is defined as 


This is a simpler method than a complete iterative scheme and in effect the 
equilinrium correction term represents a one step iteration. 

The pseudo-load vector is computed by various integration schemes (e.g. , 
trapezoidal and Gaussian) in which Eqs (5) and (6) are combined and written as 

where n represents tie nimber of integration points, represents the 
spatial location of the , Ch integration point and a. corresponds to an 
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integration weight factor for the jth integration point. The derivation of 
the pseudo-load vector for many of the NASTRAN elements is presented in ref. 

2 . The present study utilizes only the triangular membrane element (CTRMEM) 
and the extensional rod element (CRCO) . 

IMPLEMENTATION OF ELASTIC-PLASTIC ANALYSIS INTO NASTRAN 

Elastic-plastic capabilities have been incorporated into the NASTRAN 
program. A flow diagram, representing the intital-strain method, is shown in 
Appendix A, The function of each step in the flow diagram is explained. A 
corresponding rigid format was written as a modification to rigid format 1 
(Level 17.0). The ALTER package and resulting new rigid format are shown in 
Appendices B1 and B2, respectively. 

Some of the important features of the new rigid format will be 
mentioned. Firstly, two new modules have been written, PLANSl and PLANS2. 
PLANSl determines the critical load, i.e. , the lowest load amplitude for which 
at least one element stress point has become plastic. In addition a new 
table, PLI, is initialized. This table contains the last known field 
quantities such as stress, strain and plastic strain. PLANS2 implements the 
elastic-plastic constitutive equations for incremental stress, strain and 
plastic strain. Initially only perfect plastic behavior of the CTRMEM and 
CROD elements have been included. In addition PLANS2 updates the PLI table 
and forms the pseudo -load vector the the next plastic increment. The 
calculations needed to perform an elastic-plastic analysis are divided into 
those that are performed one time and those that are performed in each 
incremental step. Among t^’ose that are performed once are all the usual 
functions necessary in an elastic finite element analysis, i.e., reading 
input, all global functions such as setting up data tables, and solving for 
the elastic displacement field. These functions are performed by the 
operational sequence currently in rigid format 1 and are represented by the 
first block of the flow diagram. In addition, the critical load calci lation 
and some preliminary plastic analysis definitions are carried cut as shown in 
the flow diagram above LOOPA, which is the start of the plasticity loop The 

calculations performed during each incremental step are contained in the 
plasticity loop as shown in the flow diagram. During each pass through tbe 
plasticity loop the SSG3 module solves for the incremental displacements due 
to the plastic pseudo-load only. The incremental displacement due to the 
external load or prescribed displacements are known and are added to the 
incremental displacements due to the pseudo-load vector. The plasticity 
constitutive equations are implemented and the new pseudo-load vector, to be 
used ' the next incremental step, is formed (PLANS2) . The plasticity loop is 
repeated for each incremental step. 

Three new bulk data cards have been added for later use in a general 
elastic-plastic analytic capability program. These are described in Appendix 
C. The MATS2 bulk data card defines the plastic material properties; the 
PLFAC2 bulk data card defines tne load history and step size information; and 
the TABLEYl bulk data card defines the yield stress as a function of 
accumulattd plastic strain. 
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SAMPLE PROBLEM 


In order to validate the implemented NASTRAN capability an elastic- 
plastic analysis of a typical structural detail of a ship, namely a bracket 
connection, was performed using NASTRAN and the Grumman PLANS program. Figure 
1 shows the intersection of a horizontal girder with a transverse bulkhead. 

The shaded area represents the structural component that was analyzed. Loads 
and boundary displacements on this section were provided from a finite element 
model of the entire structure. The finite element model consisted of 657 
membrane triangles for the webs, 103 rod elements for the flanges (shown as 
dotted lines in Fig. 3) resulting in 704 degrees of freedom with a semi -band 
width of 40. Figures 2 and 3 show the details of the finite element model. 
Figure 4 shows the result inn jrowth of the plastic region of the highest 
stressed section. 

The NASTRAN analysis was performed on a COC cyber 172 computer and 
required 20 cpu seconds for each incremental step. The PLANS program, run on 
an IBM 370/3033 computer, used 5 cpu seconds for each incremental step. The 
results from each program were identical. Taking into account the difference 
between computational speed of each computer (about 5:1) , the running time for 
the NASTRAN program is competitive with the PLANS proc 'am. 

CONCLUSIONS 

The present work demonstrates the feasibility of incorporating elastic- 
plastic capabilities into NASTRAN. The present imolementation included a 
general new rigid format and bulk data cards as well as two new modules. The 
modules are specialized to include only perfect plasticity of the CTRMEM and 
CROD elements. 

An extension of these capabilities to include general plastic behavior of 
the complete NASTRAN element library should present no new pitfalls and will 
be briefly outlined. Firstly, an extension to the flow chart and ALTER 
package would include one new module, PLA5, used to accumulate the total 
displacements (Table UGVPAC) as well as stress, strain and plastic strain 
(Table PLIAC) at the end of each increment. It would apear as 

PLA5 UGVP, PLI/UGVPAC,PLIAC/V,N,PLACOUNT/V,N,P 

In addition, new tables would ba set up in PLANSl and would contain element 
integration point information. To form these tables, use.' specified 
information would be supplied on bulk data cards through new element property 
cards. 

Module PLANS2 must be generalized to build a pseudo-load vector, Eq (7) , 
from the new tables set up in PLANSl. In addition, the plasticity theory 
contained in PLANS2 should be expanded to include, in addition to perfect 
plasticity, linear strain-hardening, nonlinear strain-hardening using either a 
Ramberg-Osgood function or a stress-strain table, or any other theory 
consistent with the initial strain approach that the developer wants to 
i ncorporate. 
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Fig. 3 Finit* Eltmant Modal of Brackat Datail 
- CROD Elaman*- for Flanges 
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of Largest Stress 


264 



APPENDIX A 






FLOW DIAGRAM OF MAIN FEATURES OF ELASTO-PLASTIC ANALYSIS 




PLANSl 


r 

V- 


ADD 


PLANS2 


ADD 


© 


Elastic linear analysis 


Determine load critical value 
(Pcrit); Initialize PLI table 

j^gj'j^CRirl'^ (First 
incremental step is elastic) 


Calculate 

I Form pseudo-load vector (DELTAP); 
Update PLIl table 


EQUI V y Interchange PLIl and PLI tables 


|ays|=o, Set incremental displacements 

) to zero at degrees of freedom where 
single point constraints are 
prescribed 


LOOPA ) Top of loop 
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Apply constraints to incremental 
pseudo-load vector (DELTAP 






- [K. ] AYS 







Solve for independent degree of 
freedom displacements due to 
incremental pseudo-load, 


|aU,| = (K„] -ijAP^j 

hoj= IXcoJ-’Kl 




AP,1-[K„) |aU,| 

( I > 


‘I ■ 

I'^ll ^ |AP|| 
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Recover dependent incremental 
displacements due to incremental 
pseudo- load, 



Form total incremental load, 
AP 


AU„ 


nit I 


■^unit ’ 


- AUg ' 


Update total displacement. 


U ' + AU I 
8 1 I 


Calculate | | , | Ao j , | Ae | ; 

Form pseudo-load vector (DELTAP) ; 
Update PLIl Table 


Interchange PLIl and PLI tables 

Bottom of loop; PLAST <1 ? If YES 
then last step and end, if NO then 
not last step and continue 
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APPENDIX B1 

"ALTERS' TO RIGID FORMAT 1 FOR ELASTO-PLASTIC ANALYSIS 


RLTEP 1,3. 

EEGIM t ELfiSTK-PLRSTIC RNRLYSIS - - DEVELOPED BY 6RC FOR NSRDC 

RLTEP 35 

RLTEP 37.38 

RLTEP 41.41 

RLTEP 65.66 

RLTEP 138 -.133 

RLTEP 137. 14 Cl 

PRPRM C . M j RDD. • V . M . PLRCDUNT^ C . N . 1 ^ C . N . 0 * 

PLRfL: 1 EST . MPT . D I T . LIGV^' PL I / V . Y . PPCT^V . N . PCR IT $ 

;RVE PPCT.PCPIT * 

CHKPMT PL I ■}. 

MRTPPT UGV^-^' 3: 

PRPRMP •• C . H . MF Y.' V » M . DELFW . Y . PPCT^ V . N . PCR I T $ 

F RPRMP . C . N . RDDxV » N . P 1 1 ^ V . N . PCR I T^V » M j DELP $ 

F'RPRMP • C . N . : DMPLEX^'W . N . P 1 1 V . N » P 1 1 C S 

PRPRMP • C . r: . C DMPLEX/^' V . N . PCR I T^ V . N > PCR I TC * 

PRPRMP -C.R. C:DMPLEX//V.N»DELP/'/'V.N. DELPC S 
PRPRMP • /C.N.RDD-'V.N.P-'^V. N.PCRIT.'/ J 
RDD UGV,.'DELTRUGFvV>N.DELPC S 

RDD UGV . ' IJGVFv V . H . P 1 1 C i 

CHPPHT DELTRUGP.UGVP J 

PRPRM / -'C. N. RDP-' V. M. PLRCDUNT/V> N. PLRCQUNT/C. N. 1 $ 

EOUIV PLI.PLIl^NEVER ? 

PLRH i £ PL I . MPT . EST . DELTflUGP . DI T/PL 1 1 » JELTfiP^V. M> PLfiCOUNT^V. N» PLflST/ 

V . N 5 PP INTI NC-- V . N . P.' V » N . DELP/V » Y . PMflX $ 

IRVE PLHST. PRINTING. P 3; 

ECU I V PL 1 1 . PL I RLUIRYS * 

CHCPNT PLI.DELTRP J 

COrTD N£3. PRINTING. 3: 

PPTPRPM ••'^-C.N. O^C. N.P $ 

MRTPPT UGVP^/ 3- 
LRBEL N££ $ 

RDD YS» >'DELTRYS^C. N. CO. 0. Cl. 0> $ 

CHLPNT LELTRYS 3; 
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a 

LREEL LOaPfl * 

SSG2 USETi. GM> DELTfiYS» KFS» GD» DM»DELTflP/DELTflQR» DELTflPDf DELTfiPS» 
DELTflPL S 

CHKPMT DELTfiQR!iDELTflPD»DELTflPS»DELTfiPL S 

:SG3 LLL» KLL» DELTRPLj LDD> KDD» OELTflPD/DELTflULV» DELTfiUDDV» DRULV. DRUDV/' 
Vi.N!.DMIT^V»N» IRES=-1/V»N>NSKIP^V»N»EPSI S 
SftVE EPS I f 

CHKPNT DELTFlULV»riELTflUaOV»DRLILV»DRUCV S 
COHD LSc-jIRES S 

HRTGPP GPLi.USET>SIL»DRULV//C»N»L S 

MRTGPR GPL>USETjSIL!iDRUDV//C>N»D $ 

LREEL L££ J 

* DPI LISETj DELTRPf DELTRULV* DELTRUDOV» DELTRYS» GD» 6M» DELTfiPS» KFSj KSS» 

DELTRQR/DELTRUGV»DELTflPLG»/'C»N» 1/C» N» STRTICS S 
IHKPHT DELTRUGVfDELTfiPLG S 

RDD IJGVjDELTRUGV/DELTRUGi V»N»DELPC $ 

RDD DELTRUGT»U6VP/UGVPT/ S 

EQU I V UGVPT > UGVP/RLURYS S 

CHKPMT UGVP S 

PRPRM ^/C!iN>RDD/V»N>PLRCDUMT,'V»N»PLflCDUNT^C>N. 1 S 

EGlUIV PL I » PL 11/ NEVER S 

PLRNS2 PLI j MPT j EST» DELTRUGTj DI T^PLI 1 » DELTflP^V» N» PLRCDUNT/V» N> PLfiST.' 

Vi.N>PRIMTINC/V»N»P/V>N*DELP^V Y»PMfiX $ 

:rve plrst»printinc!.p s 

EQU IV PLIIjPLI/RLWRYS S 
CHKPMT PLIjDELTRP $ 

CQMD M21» PRINTING S 
PR1PRRM /vC-.N» 0/CjNjP f 


MRTPRT 

UGVP//- 

S 

lhe:-' 

N£1 $ 


CD. 

LOOPED »PLRST 

r£f 1 

LOOPR»£0 

$ 

i 

1 

BOTTOM OF 

LOOP 

lREEL 

LOOPED 

S 

RLTER 

■j164 


rlter 

16fc.» 167 


RLTER 

174» 175 


ENDRLTER 
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APPENDIX B2 

"ALTERED” RIGID FORMAT FOR ELASTO-PLASTIC ANALYSIS 


LPVPL 2,0 • S^U^CF I iSTIwf; 


1 


tjfUTK 

5 FL,<i 3TI^.-Pl.^STIr 4»«ALTST8 • • OP^Et^PFO BV Ga<‘ PUP NJROC 


U 


,r,Kf,-n2,/&PL.Ef>t>‘I"'fGFnT,CST“,WOPOT,SlL/’''* ^ V,N, I 

^URP^T/. ,iJ*4(.«i4rSs-l » 

i; 


bAVF 

lUSET ^ 


6 

Chkpnt 

RPI. ,FQF*lN»GPoT,CSTM,Hr,Pr»T,5TL S 


7 

GP2 

Gfcn-i^,FUFxlu/trT i 


A 

Cw^pnt 

F C T F 


4 

■ P4R4MI 


> 

10 

P'IRGE 

PL TSrT"#Pl.‘^P*»At*'*SETS,FL3£TS/vnprc« * 


P 

Cii.'iP 

P},\iPro‘^ ' 

; 

12 

PI T«tT 

P&r'B.eQtM'^»f-t^/“L^3^TK,Pi,TPAP,GP3Ff.?,Fl8LTS/v,N,NSlL/ V»N» 

JU“PPLi'iT«»1 t 

1 

13 

SAVF 

^STU,J"*<PPLjT C 


Itt 

PRTMSfi 

PtTSPTy// < i 



P A H A M 

//r^fj^..PY/w,\,Pt7M.G/C,-i 1 'L.*'*# 1 " 


\t> 

P 4 P 4 M 

•//t,‘i,HPv/v,N,PFTuF/r:,^,o/c.';. 0 « 


IT 


p 1 , Jii«op( ijT i « 

- 

P 

PI mT 

PuTPAH.GPSFTS.FuSt TG,CASFcC/«i.PijT, FUF)lTN»SU.» (F(. Ta */PL0TXI/V»N» 
^8Tl./'V,\,u'i8F , /v,N. jnf'PPL'.)T/\/,N,PLfFLU/>'»>«APFlLt 1 

♦ 

i 

I** 

S A VF 

JU'*'^'»L:’> .PLT'"lF,,bftlF % , 


2" 

P9TP3G 

PunT^i// s 

f'C 

21 

LAbPl, 

Pi > ! 


2? 

CwkPmT 

PLTPAW.liPSF IS.Ft^ETS » 

' 

2^ 

,PJ 

GtOi-''^,F <1P *T*-,bF'JM^yS> T ,i.PTT/V, / V V'. M«1 4 


2« 

i)4vF 

NUGS4V * 
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TM 
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S« vf 
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C^^f' 

31 

PMHRf- 

12 

CHkPn'^ 

lb 

P*P4** 
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40 

PfcKkH 

42 

ewG 


. aru-c. 

K&pX,(.P3T/^uSl«P/l-r.PST/6Fv.FU » 

EST*'“’PrCT,GtI»6^^T,OfiPSl i 

,^P^„,.PY/V,^C4P0NO/C,^.0/C»n,0 S 

Lfli 1»'JT3T.'^P 

* mqtct ./v.N.NO'^aG*^ 

Mh'/flvlfStHpEl/tMfS-rBSsr * 
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r it 
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4 fl CWKPNT 
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47 CwhonT 

kh lfbcl 
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5 t 

S? L»BFfc 
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NU^GG^.'-'f^^GS I 
JMPUGii.NOKGG* * 

r.PFC'^»‘<DK^**^t''M/Kr.GK,GPST % 

•‘Ur.<iGPbf ^ 


JmoKGG 5 


jMP'^GUf i 
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□rp 

cabfl 

COUTV 

ChkpnT 

CONN 

SMAl 

Chkpkt 

L4HFL 

PAKAM 

6P4I 

SavF 

CC\r> 

PaPam 

PUPGf 

C«KPnT 

C06n 

GPSP 

SAVF 

COnO 

OFP 

L4BFL 


eHP0P2,N0MGG t 

46PUT,^ST^^,ECE*I^»MG6/nGP«C/V,y,Gf<DP^T/C»Y»i*T^^4SS S 
OGP^Gr.ft,// A 
LBU I 

KCGX,KGG/,nOgFi'IL * 

KGb 7 

LBI 1 1 A, 'JOGENL % 

GtI#FuGA/K66/y,.‘'i,U'SFT/¥,N,NnGeNL/V#N,tguSlMP I 
KGG Ih 


161 J t A * 


//r,'',MPv/V,!'‘,'''3KIP/C,^,0/C,N,C 4 


CAS£CC,GFU^«*k'»E7Iw,6PnT.HCPnT,C8T*^/46,YS,0SFT#ASfcT/V,N.LgS£T/ 
V,N,Mpf^k 1 /Y,N,'^PCF?/YiN,SlNGLt/Vf N»UMlT/y,N,RtACT/V,N,NaKlP7v, 

AT/V.N»NQSeT/V,N,NfJL/V»N,NOA/Cf V.SUBIU » 

*'PCf 1 »“PCf P»Sl^'GLt,UMl7,R£ACT,NS'<lP|PfcPtAT.N0SPT»N0L,,NfjA $ 


EHRUoj.'tf'L 4 

//f *-n/V,N,M)SR/v,N,5lNGLF/V,N',Pfc.ACT * 

KRR,K|.R, 0 w, 06 /R£ACT/G»'/MPCFl/ 6 O,KOO,Lijn,Pu»unuV,RU 0 V/UWlT/P 8 » 
KFfl,K8S/4l'''GLg/QG/*>-U4« » 

K«R,t<L»»'36»U'*',G>i,Gn,XLir»,LOU,Pu»UOUV»Runv,PS»KFS»KSS,OG»USt7»RC» 

Yb.AStT t 


LBL4,GPNFL i 

GPL ,GPAT,g8eT,3IL/nGP8T/V,'Y,Nl'r,PST 4 
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91 

CMKPNT 

KF0,KS8»'<FP * 

9? 

L*88L 

IBl. J t 

9^ 

E'^UTV 

KFP,KA*/riMTl t 

90 

CwkPmT 

XA4 % 

95 

CniMP 


96 

SMpt 

USFT,*<rp, , , /Gft,K AA,Kn(i,Lno 

9T 

CHkPnt 

GiJ,K4A,HOi)»Uf^U i 

98 

LABPL 

LBLS i 

99 

eouTv 

•<Aa,KLL/Pfc4C7 » 

1 00 

CWi^PNT 

8LL * 

101 

CHi^n 

LBI ©.RPACT .% 

10? 

HPmC} 

iISPT,(\AA,/><LL,KLP,KHR,,, 4 

103 

CwkPnT 

XLL,FLP,KRW S 
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2.* 

0 .^AStflAN CU*<PTLFR • snu»CF LlSTlNr; 

iOA 

L*8KU 

LbLb i 

105 


•<LL/I.LL « 

loft 

C“kpnt 

Llu * 

10> 


LBL7.SPACT * 

toft 



1 0® 

CWHP^T 

Tk j 

lie 

L*bFU 

Lbl, 7 1. 

111 

S9G1 

SLT,AuP0T,Cs7M-SlLff:ST,MP7,GPTT,F0T,HGG,CASECC»un/PG/w,ft, 
lU5fcT/V,A-,*‘iS*<lP S 

112 

ChkpnT 

P6 4 

in 

truTv 

PG,Pt/M'5*ai ' 

iiA 

QHK PNiT 

n i 

m 

CfiNP 

Lbl 10 ,» U5£7 s 

lift 

4»5G? 

I'bt T 7s,t(Fs»6i'»r'f'.Pr,/Oi5i,Hn,P6»PL > 

117 

CMhP\T 

at, p.-', PS, PI % 

m 

U*8IEL 

LtJl 1 ( « 

ii« 

S-5G1 

LLL,'<LL»Pl.*L^U,*'nQ,Pn/i.LV,(iOnv,RliLV,WutlV/V»N,UMlT/V,Y,IPl;8««i/ 

12" 

8«VF 

PPPI i 

121 

ChkPnT 

iJl.V,|ii’MV,kliLV,Munv 4 

12? 

Cn^f5 

1 Y,lot5 5 

121 

MATRPP 

r.PL»"SFl.STL»HULV//c,«,L 4 

12A 

MATRPP 

GPL»"SFT,SIu»kIiuV//c,n,U a 

125 

L4BfL 

Lbl® J 

12ft 

Sr*Kl 

"SFT,Pr,,lJuV,iionv,Vp,BU,GM,PS,HrS»K88»WP/UcV,P6C,QG/V»N,N8KlP/ 
r,w,STATTCS * 

127 

CW5Pn7 

"GV,PGr,,»G i 
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LFvEL ^.0 p»*aP COMPTLfP - SHuPCP USTInG 


Ija C^^KPNT 

1 $S GPFr)R 
lifc OEP 

UO PARAM 

MO PLAKiSI 

IRO SAVE 
IRO 

MO PATPRT 
t«0 PARAmR 
1«0 PaRAmR 
140 PARAmR 
140 PaRamR 
MO PARAMR 
laO PaKamb 


140 chkpnt 
140 PARAM 

i40 IPUIV 

MO PLaNSP 

MO SAVE 
MO EPJTV 
l «0 CP^PnT 
140 CONO 


CSTf^ i 

rASerC*UPV.KELPiKOTCT,PCT,F<JEXTN,GPECT,PG6»Qr./ONRUVl,UCPF8M 
r,^r*iTATTC8 i 

C'ivRGVl .uPpA^bl » » » »// S 

//C#^‘»At)f'/''»'^»PL*Cr!UMT/CiN,l/C#N ,0 * 

E8T,mPT,0iT,UgV/PlT/V# V»PPCT/V,n#PCH1T » 

PPrT.PrWlT s 

Pul ^ 

UGV// * 

//C»’'J,*'PV/V,N,DeLP/V»V#PPCT/V,N,PCRlT S 

//C,K,40n/v,N,Pti/v,^,PcPlT/v,N,n£LP i 

//C, M,rUMp( £X//V,N,P1 l//V,^,PllC * 
//C»N,CQ'^PI.EX//V,N,PCHTT//V,M,PcPITC s 

//C#M,COMPl.EX//V,N,pEl.P//V»NrDELPC * 

//r,^,Al.)t)/V,^,P/V,^,PCRIT// S 

UGV, /uPUTAUGP/V,M,neLPC * 

UGV, /URVP/V,N, Pile J. 

OEUTAURPiUCVP » 

A[)U/V,N,P|.ACnu^iT/V,N,PLACUUNT/C,W, 1 $ 

PUI/PLII^NEVER S 


PLT,mPT,EST,OEI.TaUSP.UIT/PLH ,0ELTAP/V,N,PLACUUNT/V,N 
V,N, PRINTINC/Vf N,P/V,N,UF uP/V, V,PMAX S 


»I»UlTr 


PLA3T,PRIk.TINC»P 

PUll.PLI/ALkAyS 
PLlf'>ELTAP % 

N 2 ?#pRTNTinc 


r\ 
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UFVEL 2, 

0 N48TRAN 0«aP CUMPTUfR • 80»IPC€ LISTING 

uo 

P4TPA4M 

//r,N,o/c,N-,p s 

uo 

matprt 

UGVPy/ i 

140 

L48fL 

N2? $ 

I4l^ 

AflO 

Y8./nELTAY8/C,N,(o, * 0 . 0 , 0 ) » 

140 

CWKPNT 

0ELTAY8 i 

140 

lAgFL 

LOPPA S 

140 

SSG2 

|^S?J.GM,neLTA¥S,KFS,r,Q,0M,0£LTAP/DELTAa«,0lLTAPU.0ELTAP8, 

140 

CWKPNT 

DEL TAQR,nELTAPO, DEL taps, PELT APL S 

140 

SSG3 


140 

SAVE 

FP8I i 

140 

Chkpnt 

PELTAUI. v.pELTAlJOOV.DPULV.DPuny $ 

140 

COnD 

L22.IRPS A 

140 

MATOPR 

*»Pl .usft,stl.orulv//c.n,l S 

140 

HATGPR 

GPL.'iSFT,SlL.DRUOV//C.N.O S 

140 

L*MPL 

12? H 

140 

sriRi 


140 

CHKPNT 

DEI. T4UGV,0ELTaPLG S 

140 

aod 

'JGV.PEL TAuGy /0Ei.Taii6T/V,N,O£LPC s 

140 

AOO 

PEL TAURT,uGvP/UGVPT/ $ 

140 

EPyTv 

'.iGV‘»T,i)GVp/ALi»A V3 * 

140 

CHKPnT 

UGVP $ 

140 

PARAm 

//C,N,AOn/V,N,PLAGqUNT/V,N,PLACUUNT/C,N, 1 $ 


i 



f 
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LPVCL i.Q StSfHAN 0«A^ COMPrLjr« . 80U«CP LISTING 


uo 

e<JUTv 

^tlrPUl/NEVER 1 


140 

PLAN'S? 

J. » ’’El- T , 0 T T /oi 
VrK, P«TNTiNC/V,N,P/V,N,DF(^? 


»45 

8«Vf 

PL4ST,phImTxNc,P » 


140 

EOUTV 

Pun ,pu/aLway8 s 


140 

CwkPnT 

PLT»oEI.T4P » 


140 

COnO 

^<21 jPMTNTJNC S 


1^ 

PP'^PAR- 

^yCf^,r>/C,f^,P » 


140 

MATPRT 

UGVP// s 


140 

labfi. 

N2t * 


140 

cONn 

LUOPEO,PLaST i 


140 

RFPT 

LunPA,?o ' 


140 

labpl 

LOnPFO s 


1*5 

JUMP 

PIM18 « 


14» 

LABPL 

£«»UP* $ 


1*0 

P»TPA4m 

//e^N,,g/{;,tsj,3T*TlC8 * 


170 

labfl 

ERP043 * 


171 

PPTPaPP 

//C#M#»3/C»N, STATICS 8 


17* 

LABPu 

ERPOPa i 


173 

PPTPARm 



17* 

L4BPL 

FINIS $ 


177 

ENq 

s 
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NEW BULK DATA QUIDS 


MATS2: Material Properties - defines stress-strain function 

for either Rambcrg-Osgood representation, linear 
strain hardeniiij' or perfect plasticity. 


1 2 3 4 5 6 7 8 





TABLEYl 

TABLESl 

n 

d 

D 

a 


1 

Ramberg-Osgood 

MATS 2 

17 



12 

0.6f5 



1 

Linear Hardening 

MATS 2 

17 





0.25 



Perfect Plasticity 

MATS 2 

17 





0.0 


1 

i 

Tabular 

MATS 2 

17 


100 







Field Contents 

MID - Material identification number which matches the Identification number 
on some basic MATl card (Integer > 0) 

n - shape parameter used in Ramberg-Osgood stress-strain function (Integer) 

o - E^/E for linear strain hardening (Real) 

Oq y - Ramberg-Osgood parameter (Real) 


TABLESl- Table manber for Stress-strain function - TABLESl Table (Integer) 

TABLEYl- Table number for yield stress vs. accumulated plastic strain, for 
near linear strain hardening (Integer) 


n-1 


Remarks: 1. Ramberg-Osgood representation: c 


' 0.7 


2. TABLEYl may be used with any of the options listed. 


PLFAC2: 
1 


Load history and step size Infornkitlf 
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PLFAC2 

SID 

PI 

NI 

NLDl 

P2 

N2 

NLD2 


+abc 

PLFAC2 

5 

1.0 

5 

1 

2.0 

10 

1 


ABC 

fabc 

w 

1 

P3 

N3 

NLD3 

-etc- 



2 


fBC 


3.0 

5 

2 







Field Contents 

SID - Set identification number (Integer > 0) 

Pi - Load magnitude (Real) 

Ni - Number of Increments for current load (Integer > 0) 
NLDl - Load set reference (Integer) 


Remarks: 1. Load history is contained with PLFAC2. Each Pi 

corresponds to total load for that set (NLDi) . 

2. One or Two sets of data may be Included on each card. 
Fields 3, 4, and 5 must be used on each card, but 
fields 6, 7, and 8 may be omitted from any card even 
though contlntiatlon cards follow. 


3. If Ni « 0, incrementation steps will be chosen automatically. 
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TABLEYl: Yield stress vs. accumulated plastic strain 


TABLEYl 

SID 

°yt 

0 

ys 

leP 

°yt 

0 

ys 

EtP 

X 

+abc 

TABLEYl 

10 








ABC 

fabc 



0 

■■ ys. 


-etC' 

• 





H-BC 


Field 

SID 

°yt 

°ys 


Contents 

set Identification number (Integer > 0) 
yield stress In tension (Real) 

yield stress In shear (Real) 

accumulated plastic strain (Real) 


Remarks: 1. If accumulated plastic strain is less than first value In 

table then first values of a ^ and o are chosen, If 
accumulated plastic strain ll greate^^than last value In 
table than last values of o ^ and o are chosen, otherwise 
a linear interpolation Is u^ed. 

2. One or two sets of data may be Included on each card. 

Fields 3, 4, and 5 must be used on each card, but fields 

6, 7, and 8 may be omitted from any card even though continuation 

cards follow. 
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